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COPPER IN WATER SUPPLIES. 



under normal conditions the rapid growth of the organism is favored, 
with a consequent maintenance of the highest degree of sensitiveness 
to adverse conditions. When algae are brought into the laborator}^, 
the change in environment and the injury from handling allows only 
the more resistant individuals to persist, and the forms developing 
from these are, therefore, harder to destroy than are those of the same 
species growing in nature. 

In view of this fact the quantities of copper sulphate which are 
required to destroy the diflFerent polluting forms are much less than 
those formerly considered necessary. Many of the concentrations in 
the following revised table have been obtained by actual use in reser- 
voirs under natural conditions. The remainder have been determined 
by analogy, and only on theoretical grounds can they be presumed to 
be correct. 

It will be seen that there is absolutely no possibility of correlating 
the effects of copper upon related forms with the idea of formulating 
a rule for general use. Even species of the same genus often show a 
greater variation in their susceptibility to copper than is found in widely 
separated genera, and the necessity of knowing the specific form caus- 
ing the diflSculty becomes more and more evident as experience with 
the effect of copper upon algae is accumulated. 

Number of parts of water to one part of copper sulphate in dilutions recommended for 

destroying different forms of algse. 

[Water of average hardness, and at a temperature of about 15° C. (59° F).]a 



Aphanizomenon 5, 000, 000 

Anabaena circinalis 10, 000, 000 

Anabaena flos-aquae 10, 000, 000 

Asterionella 8, 000, 000 

Beggiatoa 100, 000 

Cladophora 1,000,000 

Chlamydomonas 1, 000, 000 

Clathrocystis 8, 000, 000 

Closterium 6, 000, 000 

Coelosphaerium 3, 000, 000 

Conferva bombycinum 3, 000, 000 

Crenothrix 1, 000, 000 

Desmidium 450, 000 

Draparnaldia 3, 000, 000 

Eudorina .• 1 00, 000 

Euglena 1, 500, 000 

Fragilaria 4, 000, 000 

Glenodinium 2, 000, 000 

Hydrodictyon 10, 000, 000 

Mallomonas 500, 000 



Microcystis 1,000,000 

Navicula 15, 000, 000 

Nitella 10, 000, 000 

Oscillatoria 5, 000, 000 

Palmella 500, 000 

Pandorina 100, 000 

Peridinium 450, 000 

Raphidium 300, 000 

Scenedesmus 1, 000, 000 

Spirogyra 25, 000, 000 

Stigeoclonium 3, 000, 000 

Stephanodiscus 250, 000 

Synedra 600, 000 

Synura 3,000,000 

Tabellaria 600, 000 

Ulothrix 5, 000, 000 

Uroglena 20,000,000 

Volvox 4, 000, 000 

Zygnema 2, 000, 000 



Cladophora 5, 000, 000 

Enteromorpha 10, 000, 000 



SALT WATER FORMS. 
Ulva ... 



5, 000, 000 



« See page 12. 
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very sensitive, probably being killed at concentrations between those 
fatal for trout and those fatal for carp. 

CONDITIONS DETERMINING THE PBOPEB aUANTITT OF COPPEB 

SULPHATE FOB EBADICATING ALG2. 

The importance of knowing the temperature of the contaminated 
water is second only to the necessity of knowing the organism present. 
With increase in temperature the toxicity of a given dilution increases, 
and vice versa. Assuming that 15° C. (59° F.) is the average temper- 
ature of reservoirs during the seasons when treatment is demanded, the 
quantity of copper should be increased or decreased approximately 
2.5 per cent for each degree below or above 15° C. It is probable that 
the influence of temperature could be better expressed by geometrical 
than by arithmetical progression, but the accurate determination of 
this point can be made only after experiments have been recorded in 
various localities under diflFerent conditions for a number of years. 

Similar scales should be arranged for the organic content and the 
temporary hardness of the water. With the limited data at hand it is 
impracticable to determine these figures, but an increase of 2 per cent 
in the quantity of copper for each part per 100,000 of organic matter 
and an increase of 0.5 to 5 per cent in the proportion of copper for 
each part per 100,000 of temporary hardness will possibly be found 
correct. The proper variation in the increase due to hardness will 
depend upon the amount of dissolved carbon dioxid; if very small, 5 
per cent increase is desirable; if large, 0.5 per cent is sufficient. 

APPEABANCE OF BESISTANT FOBMS OF ALGJE IN BESEBVOpiS 

PBEVIOUSLY TBEATED. 

Since adding copper to a reservoir destroys only the polluting 
organisms then present in the water, it is possible that other forms, 
the resting spores of which are buried in the mud, may develop after 
treatment and occasion a second pollution. There is thus the proba- 
bility that some reservoirs will be cleansed of Anabaena or Oscilla- 
toria or some such polluting species only to allow a subsequent devel- 
opment of forms more or less resistant to copper, such as some of 
the desmids. It is improbable that these organisms, or any of the 
algae, in fact, could develop rapidly enough to be the cause of serious 
complaint and still remain resistant to such concentrations of copper 
as could be safely used. At the worst the presence of these forms 
is certainly to be preferred to that of organisms producing odor and 
taste, and fortunately experience has shown that the latter succumb 
so readily to the copper treatment that their destruction has offered 
no great difficulty. 
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In Massachusetts some abandoned reservoirs and ponds unfit for 
suppl3nng water for drinking purposes have been treated, but as this 
work was done in cooperation with the State board of health, which 
has decided that further experiments are necessary to determine the 
final condition of the copper used in treating before advising the gen- 
eral use of this method, it seems best to defer publication of whatever 
results have been obtained until the board of health is in a position to 
make a definite statement. 

Probabh'^ the most convenient form in which to group the year's 
results is an alphabetical list of some of the cities and towns in which 
such work has been done, and a resum^ of the cases when necessary. 
It is impossible for various reasons to include in this list of all of 
the places where copper sulphate has been successfully used for the 
destruction of algse. 

BALTIMORE, MD. 

Late in June Mr. Alfred M. Quick, engineer of the water depart- 
ment of Baltimore, reported some trouble due to algae. The following 
extract from his letter shows the character of the pollution: 

For some time past this department has been in receipt of a great many complaints 
from consumers of the bad condition of the water. Ice makers were most interested, 
as it is necessary that water used in making ice should be perfectly clear. They 
complained that the bad condition generally occurred after long spells of rainy 
weather, and generally at the change of season — from spring to summer; also that it 
seemed to be practically impossible to eliminate discoloration. (June 25, 1904. ) 

Lakes Clifton and Montebello were visited on June 28 and were 
found to be badly infested with Anahaena circinalis; the organisms 
were unusually perfect spirals, and, estimated roughly, would count 
about 10,000 to 50,000 per cubic centimeter. On account of the pres- 
sure of municipal affairs treatment was not made until July 29, after 
which Mr. Quick wrote as follows: 

1 1 have completed the experiment of treating the water in Lake Clifton with copper 

1 sulphate to eliminate the algae, and I am glad to say that the result has been an 

a unqualified success. 

J Before the lake was treated it had a cloudy, greenish color. Immediately after 

^ treatment it had a steely, bluish color, and when the lake was turned into service 

^ again, one hundred and twenty hours after the application of the sulphate, it had a 

^ ' clear white color. 

-J Notwithstanding the small amount of sulphate used in proportion to the volume 

?| of water treated, all of the particular algae which cause discoloration and odor, which 

I believe are the cyanophyceaB, were eliminated in forty-eight hours, and practically 

all of the various other kinds of algae were eliminated in one hundred and twenty 

hours. 
As for any deleterious effect from the use of the sulphate, the city chemist reported 

to me that an analysis of 500 c.c. of the water one hundred and twenty hours after 

treatment showed no traces of copper. (August 9, 1904. ) . 

Later Lake Montebello was treated, and reports of the results in 
both reservoirs were sent to this laborator}^, together with a tabu- 



uted 40 pounds in one hour in tlie short ami ; the seconil boat distributed 60 pounds 
in one hour and t«n minutes in tlie main body of the reservoir around the dam, and 
the tliird boat distributed 80 pounds in the long arm of the reservoir in one hour and 
fifty minutes. In each boat two men were uaed, one to row and one to hold tiie 
gunny sack containing the sulphate over the st«m of the boat. 

There was a heavy wind blowing downstream, which made it extremely difficult 
to row, but the boats were kept in continual motion from the time the copp*'r 
sulphate was dropped into the water until it had entirely diasolved. 

During the first ten minutes of the distribution of the sulphate nothing peculiar 
could be noticed in the water, but after fifteen minutes fine light-green threads began 
to float in it, growing steadily in number and extension until in about thirty-five 
minutes after starting there had formed a yellowish-green scum over the entire sur- 
face of the reservoir. The phenomenon was similar to the formation of a very 
floccalent precipitate. 

In about two hours the scum assumed a dark-green color, the borders turning 
slightly brown. At that time a sample of the water was taken and carefully esam- 
ined and small traces of copper were shown by the experiment. Samples of the 
scum were also examined and found to contain lli percentof metallic copper, show- 
ing that a large amount of the copper was taken up by the Anabaena and other 
organisms, and thereby removed from the water. 

During the first twenty-four hours the water in the reservoir exhaled a more pro- 
nounced and disagreeable grassy odor than before treatment. Its color at the end 
of the first twenty-four hours was a decidedly dirty green, with comparatively very 
little Bcum floating on the surface, and upon testing 1,000 c. c. of the water for copper 
at this time, a very faint reaction was obtained. The sulphates in the water were 
slightly higher and the odor was considerably less. 

At the end of the second and third days very slight changes were noticed in the 
color and taate of the top water, but it was greatly improved in taste, color, and smell 
below 20 feet in depth. 

At the end of the fourth day a continued improvement was noticed in the taste, 
color, and odor, and at the end of the fifth day there was a very decided change for 
the better in color — the water assuming a natural color and only a slight odor and 
taste being noticeable on the surface. At 20 feet below the surface at the end of the 
fifth day, the water was tasteless and odorless, anri oi ii bright natural color. Very 
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or '* Upper" reservoir, is supplied from a small stream and by water pumped from 
the "Lower" reservoir. In the "Lower" reservoir there has always been a con- 
siderable growth of algse, but there has never been any taste or odor imparted to 
the water until last fall. Prior to that the algfe has appeared to "ripen," float to 
the surface, and blow ashore, where it would be raked up and removed. Last year 
it sank to the bottom, and soon after the "fishy" odor became very offensive. The 
reservoir was then emptied, cleaned thoroughly, and refilled. In a short time, 
however, the taste and odor again became noticeable, and there was more or less 
trouble until June 9 last, when, having procured one of the bulletins issued by the 
Department of Agriculture, we used the copper sulphate. The effect was evident in 
twenty minutes to a half an hour in a decided change in color and appearance of the 
algae growth. In twenty-four hours the taste and odor had disappeared and the 
algse looked dead, having lost its green color. In a few days the algae had entirely 
disappeared, and there has been no trouble since, though there is«a slight growth 
just beginning to show in detached patches within a few days. The reservoir con- 
tains about 1,250,000 gallons and we used 10 pounds of sulphate of copper. This 
did not affect the native trout which are in the reservoir. No water was pumped 
from the reservoir for several days after the sulphate was used, but the outlet gate 
was closed and the flow from the springs raised the level of the water in the res- 
ervoir and reduced the strength of the dose; nevertheless when the water in the 
reservoir was emptied into the channel which conveys the overflow to the Batten- 
kill, it cleaned out a heavy growth of algae from that channel for its full length, 
about half a mile. If the present growth continues, we shall try the sulphate again 
this fall, using, however, a less quantity of it, as it is evident from the cleaning of 
the channel that a lighter dose does the work. 

As there was a slight growth in the " Upper" reservoir, we gave that a dose about 
the last of June, using 20 pounds of sulphate of copper for 4,000,000 of gallons of 
water. The same effects were noticed as in the "Lower" reservoir, and there has 
been no growth of algae since. 

The use of the copper sulphate has certainly been most successful in our case. 
Not only has the water company been saved the considerable cost of repeated 
[ cleaning of the reservoirs, but the residents of our village have been saved the 

i annoyance of having at times to use a most unsatisfactory water supply. (Sep- 

tember 22, 1904. ) 
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. ELMIRA, N. Y. 

The following is an extract from an article^ entitled " The Copper 
Sulphate Treatment for Algse at Elmira, N. Y.," by James M. Caird, 
consulting engineer: 

The reservoir was constructed during the year 1870, by building a dam across a 
natural site. At the time of construction the timber and surface soil were removed 
from the parts to be flooded. The reservoir has a drainage area of about 4^ square 
miles, covers 38 acres, and has a capacity, when full, of 113,000,000 gallons. The 
supply is derived from springs and a small stream called Hoffman Creek. 

At various times the water in this reservoir has been a source of trouble owing to 
its strong "fishy" odor and taste, due to a growth of Anabaena and Asterionella. 
At times, before the construction of the filter plant, it was necessary on account of 
the odor and taste to drain and clean the reservoir, the last cleaning being done 
during the summer of 1889. The growth has been so abundant that even in the 
winter, when it was necessary at times to use this supply, lime had to be added 
before filtration in order to remove the " fishy " taste. 

« The Engineering News. 52:34. 



H 



20 COPPER IN WATER SUPPLIES. . 

tell how much, because the water, as a general rule, begins to clear as the temperature 
becomes cooler. Under such conditions it will probably be necessary to treat several 
times during the warm season. (September 28, 1904.) 

GREENWICH, CONN. 

During the latter part of July Prof. F. S. HoUis, of the Yale Medical 
School, acting under advice from the Laboratory of Plant Physiolog}^ 
of the Department of Agriculture, treated the two reservoirs supply- 
ing Greenwich, Conn. 

The following is an extract from a letter received from Professor 

HoUis, dated August 11, 1904: 

Algae, especially Anabaena, which were abundant in Putnam reser^'oir, w^ere com- 
pletely removed, and a large growth of filaments encased in jelly and attached to 
waterworks, which was probably a developing stage of some form, almost completely 
disappeared within a week after treatment. At the upper end of the reservoir there 
has appeared since the treatment a considerable growth of infusoria. Bacteria 
increased from ten to twenty times after treatment. In Rockwood reservoir at the 
dam the total organisms, 384, with Chlamydomonas 93, decreased in four days 
after treatment to 91 with Chlamydomonas 6. On August 9 organisms had increased 
to 194 with Chlamydomonas 53 and the complaint as to water is continued as all 
evidence of the sharp odor of Chlamydomonas is not removed by their method of 
mechanical filtration. Temperature of Rockwood, 23.6° C. ; of Putnam 25° C. 

On account of the slight increase of the pollution mentioned in the 
last sentence of Professor HoUis's letter, a second treatment was 
advised, the solution used to be of the same strength as the former 
one. Presumably this was satisfactorily effective, as there has been 
no further complaint. 

HANOVER, N. H. 

In the case of the water supply at Hanover, N. H., it was impossible 
to obtain samples of the organism before treatment was made, and it 
seems that any one of several species might have been responsible for 
the pollution, though for geographical reasons it seems probable that 
the form in question is Uroglena. The following extract from the 
Eighteenth Report of the board of health of the State of New Hamp- 
shire, volume 18 (1903-4), pages 159-161, shows the results obtained: 

On account of the gradual sloping of the banks of the reservoir and the presence of 
many fish, a 1 to 4,000,000 solution was used. * * * It was estimated that there 
were about 100,000,000 gallons of water in the reservoir at the time. The copper 
sulphate was weighed out into 25-pound lots. One lot was placed in a gunny sack, 
which was held open by an iron spreader, the sack fastened at the top, and then 
attached to the stem of a rowboat. The boat was rowed back and forth across the 
reservoir, commencing where the water was deepest and ending along the edges 
where the water was shallow. This process was repeated along lines 25 to 30 feet 
apart until the whole area had been covered. The copper dissolved very quickly, the 
water being warm, which necessitated rowing rapidly while the sack was full and 
slowing up as the copper in the sack diminished. 

Another small body of water was treated in the same way, except in this case a 1 
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kill the fish, but as the edges are shallow and the bottom irregular, it is impossible 
to get an equal distribution of the solution until after the smaller fish succumb. 
There can be no fixed general rule; each case must be treated as conditions require. 

HANOVER, PA. 

The three reservoirs of this system were badly infested with Ana- 
baena. Treatment was made the latter part of August on the first 
reservoir and several days later upon the other two. The surface of 
the water cleared within a short time, but the lower layers containing 
the decaying algae were improving but slowly. 

The following extract from a letter from Mr. Charles R. Delaney, 
chemist of the Consumers' Water Company, shows the final results: 

The results of the last test show such great improvement that Mr. Brough has 
been advised to let the bottom water run off until the odor shows only faintly and 
then to turn the water into the mains. (September, 1904.) 

IVORYDALE, OHIO. 

The small reservoir of the Proctor & Gamble Company at Ivorydale, 
Ohio, was badl}'^ infested with algse. The following is extracted from 
a letter dated September 22, 1904, from that firm: 

We are glad to be able to report the complete success of the treatment of our reser- 
voir with copper sulphate. 

We treated the water as you directed, using approximately one part copper sul- 
phate to a million of water. At this time there were several large floating masses of 
algse, and the water had a peculiar odor and taste. We treated the water Saturday 
afternoon, August 13, and allowed it to remain practically quiescent for several days. 
Monday morning we found the masses had turned brown in color and frothy, but 
still floating in the large masses. These masses, however, subsequently disappeared, 
and since then there has been no sign of the growth except in an old skitf to which 
the treated water did not penetrate. Here the mass is still green. 

JOHNSON CREEK, WIS. 

The Geo. C. Mansfield Company reports as follows with reference 
to the use of copper in two ponds at Johnson Creek, Wis. : 

We used three applications of the solution recommended, and used same in each 
of our two ponds. The applications were made three days apart and as per your 
instructions. We had intended to make one more application, but cold weather 
came on and the ponds froze over; however, from close observation of the results 
from the three applications, we think it very beneficial. The green moss had about 
all disappeared or turned scorched or brown color, and evidently was destroyed. 
We believe late in the fall to be a splendid time to make these applications, as most 
of the fish are in deep water and do not come in contact with the solution. We did 
not discover that a single fish was destroyed. (December 5, 1904.) 

MIDDLETOWN, N. Y. 

The following article, entitled ''The Copper Sulphate Treatment 
for Algaj at Middletown, N. Y.," by James M. Caird, appeared in the 
Engineering News for January 12, 1905, pages 33-34. 



24 COPPER IN WATER SUPPLIES. 

The organisms found in the water before and after treatment were as follows: 

, Before ^^^ ^^^^ 



Diatomaceae— Nitzschia 8 1 

Chlorophyceae: 

Ulothrix 10 1 

Protococcus 1 

Cynanophyceae: > 

Oscfllaria ' 14 

Anabaena 12 

Schizomycetes— Leptothrix ' 9 2 



Total per c. c. 
Bacteria per c. c 



53 5 

300 , 260 



Highland reservoir. — This reservoir was completed in 1891, has a drainage area of 
341 acres, a surface area of 110 acres, and a capacity of 560,000,000 gallons. When 
treated, the reservoir contained 495,000,000 gallons. The copper sulphate was applied 
at an average rate of 1 part to 2,292,000 parts of water. 

There are a large number of "coves'* around this reservoir, which necessitated a 
stronger treatment, resulting in the killing of a few fish. I should estimate the 
strength of the copper sulphate in these localities at about 1 part to 1,250,000 of 
water. 

As in Monhagen, this reservoir contained a growth of Potamegeton, which broke 
off after treatment and came to the surface, where it was raked off. 

The organisms found before and after treatment follow: 



Before. Six days 



Diatomaceae— Nitzschia 7 - 1 

Chlorophyceae— Protococcus 34 3 

Cyanophyceae— Oscillaria 5 

Schizomycetes — Leptothrix I 5 

Rotifer: I 

Microcodon ' 10 

Notholca 1 

R. vulgaris ! 1 



I 



Total per c. c ' 73 5 

Bacteria per c. c 400 360 

I ; 

The temperature of these waters at the time of treatment was about 68° F. The 
greatest trouble with the waters commenced about the middle of August. The cop- 
per sulphate was applied the first part of September, since which time the waters 
have given no trouble. 

The destniction of the algae in waters which are to be filtered by the mechanical 
process results in a great saving in the cost of operation. That is, after treatment less 
coagulant is required to free the water from the suspended matter, the period betw^een 
the washings of the beds is longer and there is a reduction in the percentage of wash 
water. 

The freeing of the reservoirs of the growth of Potamegeton was also very desira- 
ble beecause after its death, which occurs during cold weather, it decomposes and 
imparts a very distinct yellowish-brown color to the water. 

The beneficial results were noticeable twenty-four hours after the application of the 
copper sulphate to these waters. * * * The total amount of water treated was 
1,095,000,000 gallons. The cost of this treatment was as follows: 

i Copper sulphate, freight and cartage $186. 06 

Cartage of boats 5. 00 

Labor, eighty -three hours, at 15 cents per hour 12. 45 

Total 203.51 

Exclusive of examinations and supervision, this was at the rate of 18J cents per 
^ 1,000,000 gallons of water treated. 
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If the copper sulphate treatment has to be done in the winter, could it be effect- 
ively applied when the ice is from 2 to 3 feet thick? (February 13, 1905.) 

The daily consumption of water is 1,250,000 gallons in twenty-four hours. How 
would it do to place, say, one-fourth of a pound in gate house every six hours, or a 
lesser quantity oftener, so that the proportion would be 1 pound per million gallons? 
Of course there is no current in gate house, as the water remains at same head as in 
reservoir. (February 24, 1905. ) 

The experiment was commenced at noon on the 8th instant by suspending two 
bags of copper sulphate, each containing 2 ounces, on a level with inlet pipes in gate 
house. 

The daily consumption of water is estimated at 1,250,000 gallons, but the quantity 
of copper sulphate was based on 1,000,000 gallons, the idea being to apply 4 ounces 
every two hours, thus giving 1 pound per million gallons. 

It was found that the crystals dissolved too quick, and the quantities were changed 
to 2 ounces every three hours. 

A large opening, 100 feet by 40 feet, is cut in the ice adjacent to gate house and 
immediately over intake pipes. This has also been treated every second day by the 
application of 1 ounce forenoon and afternoon, this quantity being put in a small 
bag attached to a long pole and trailed up and down through the water until dis- 
solved, the object in view being to get as even a distribution as possible of 1 pound 
of copper sulphate per million gallons every twenty-four houra. The result has 
been a great improvement in the water not only in the taste and odor, but in its 
color. (March 14, 1905.) 

The experiment was tried several days ago, and immediately an improvement was 
noticeable in the water. Yesterday the improvement was so marked that it was a 
matter of comment among the citizens. The improvement, however, was attributed 
to the melting snow, but as a matter of fact there has been no new water from this 
source up to the present time. * * * Engineer Edington is satisfied that a solu- 
tion of the trouble with the water in the winter season has been found. (The Daily 
Times, Moncton, New Brunswick, March 14, 1905. ) 

NEW YORK, N. Y. 

The following extract is taken from a paper read before the American 
Chemical Society^ by Mr. Daniel D. Jackson, chemist in charge of the 
Mount Prospect Laboratory in Brooklyn: 

The department of water supply and the department of parks of New York City 
have both had waters treated by the author during the summer with decided suc- 
cess, and in each case only one treatment extending for a period of one hour was 
necessary. 

NEWTOWN, PA. 

The reservoir at Newtown, Pa., is a small one, with a summer tem- 
perature close to 60° F. The number of Scenedesmus cavdatus per 
cubic centimeter was sufficient to give a decided green color to the 
water, and a scum or film would form during quiet weather. As the 
organism is a resistant one, two treatments were made about one 
week apart. 

« Science, 20: 805. See also The Engineering Record, October 29, 1904. 
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PASSAIC, N. J. 

It is evident that the source of contamination at Passaic, N. J., has 
not been eradicated, and it seems that with the location and treatment 
of this source the water could be kept in good condition. The lake is 
a small one, owned by a land improvement company. Mr. Frank 
Hughes, agent for the company, writes: 

We have treated the lake twice this summer, and the last time we also applied the 
copper sulphate to the little pond above. There has been a slight return of the algae, 
but so far it has not been enough to require another treatment. After the second 
treatment last summer there was no return of the algae until about the middle of 
June this present summer. (September 19, 1904.) 

PORT DEPOSIT, 3ID. 

Early in May the water in the small reservoir supplying the Jacob 
Tome Institute at Port Deposit, Md., was in rather bad condition, due 
chiefly to the presence of Chlamydomonas. Treatment was made May 
(), 1904, and on September 26 President A. W. Harris wrote as follows: 

The improvement in the taste and odor of the reservoir water was extremely 
marked. The water is now in a very ^atinfactory condition. 

RIIINEBECK, N. Y. 

George N. Miller reported as follows on September 27, 1904, with 
reference to the success obtained in using copper in the lake on his 
estate at Rhinebcck, N. J. : 

On August 3 I added 10 pounds of copper sulphate to my lake, and on August 5 
there were hardly any signs of algae left. About September 1 I treated again, as the 
alga3 had reappeared, especially in the lower part of the lake. This time it was only 
fairly successful. It seemed to kill off about half of the algae. A second application 
three days afterwards seemed to have but little effect. I should say that to kill com- 
pletely needed a much stronger solution. The amount I used certainly did no harm 
to cattle, sheep, etc., and did not kill any fish. 

The alga causing the trouble is a rather resistant filamentous form, 
but one which should be easily eradicated by treating as soon as the 
warm season begins to cause rapid development, and probably again 
late in the summer. 

9 

SCARBORO, N. Y. 

The following is a rej)ort of the treatment of a pond on the estate 
of James Speyer. 

I dissolved 100 pounds of copper in the pond. Now there is not a bit of water-net 
to be seen. (July 25, 1904. ) 

The quantity I roughly estimate at about one-half the quantity which you adviseti, 
but that solution did its work effectively and the algte began to discolor in about 
twenty-four hours, and after thirty-pix hours entirely disappeared, sinking to the 
bottom. 



ig this piece of land by the beauty of a pond which bounds il 
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little body of water covers about 2 acres, is fed by numerous springs, and discharges 
into Mecox Bay, the southern boundary of the land. When I bought the place the 
pond was filled with clear water. About the middle of the following June algae 
began to show, and in August the surface was almost entirely covered by the growth. 
The odor was offensive, and myriads of small insects hovered over the masses of 
algfe much of the time. I consulted two engineers interested in the storage of water, 
and they told me nothing could be done. The condition was so objectionable that I 
l^lanned to plant a thick hedge of willows along the bank to shut off the view of the 
pond from the house. * * * I examined the pond on June 15 and found large 
masses of algae covering an area several hundred feet in length and from 20 to 40 
feet in width. No microscopical examination was made of the growth, but I was 
informed that it seemed to be largely composed of filaments of Spirogyra and other 
Conferveae. On June 18 the treatment was begun. * * * In one week the 
growth had sunk and the pond was filled with clear water. I examined the pond 
on September 15 and found it still clear. From time to time during the summer 
small masses of algae appeared along the banks, but they were only apparent on close 
inspection. 

The use of the sulphate of copper converted an offensive insect-breeding pond into 
a body of beautifully clear water. The pond was full of fish, but the copper did Mot 
seem to harm them. 

WELLSBORO, PA. 

Anton Hardt, Wellsboro Water Compan}^, wrote on August 16, 1904: 

May 26 I distributed 15 pounds of sulphate of copper as directed by you. The 
algae turned brown in three days and disappeared entirely inside of two weeks. 
There is no perceptible odor from the water at present. 

WINCHESTER, KY. 

William Wheeler, consulting engineer, Boston, Mass., wrote on Sep- 
tember 14, 1904, as follows: 

Among the many sources of water supply with which I have had relations as 
engineer and manager, under both municipal and private ownership, none has 
approached that for Winchester, Ky., in the intensity of the development of algae 
therein ojr in offensiveness of the results arising therefrom. 

The works were constructed in 1890, the source of supply being the impounded 
waters of a creek in the Blue Grass region, in which the flow varies from a violent 
torrent in times of heaviest rainfall to sometimes no appreciable flow whatever dur- 
ing one to three or four months of the driest summers. 

The odor first appeared in a noticeable degree during the hot summer montks two 
or three years after the works were constructed, and gradually increased from year 
to year — mitigated to some extent by means of filtration and aeration, yet neverthe- 
less attaining to such a degree of offensiveness two years ago as to make its use for 
any purpose almost intolerable. 

In April, 1903, I applied to Mr. Albert F. Woods, Pathologist and Physiologist of 
the Bureau of Plant Industry, to enlist the services of Doctor Moore in treating the 
Winchester reservoir by the copper sulphate process, and the results have been 
briefly set out in Bulletin No. 24 of the Bureau. 

The treatment has once been renewed this season, and the water has thereby been 
kept entirely inoffensive to the senses of taste, smell, and sight, and made satisfac- 
tory to the owners of the works and the community which they serve. 

The economic value of the treatment appears to be measured by what it would 
have cost to procure and maintain an entirely new and independent supply, the only 
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much copper to clean a reservoir after the bad taste and odor are 
evident as it would if the application had been made before the 
organism had established itself. 

In all cases the use of copper is advocated as a preventive rather 
than as a cure, and the treatment can not be intelligentl}' applied unless 
the microscopical examinations are thorough and frequent at the time 
of year the trouble is to be expected. 

TBOUBLESOME FOBMS AND THEIB IDENTIFICATION. 

The bad odors and tastes due to the presence of algae may be due 
either to a' definite secretion from the plant or to its decomposition. 
In most water supplies the difficulty is first evident before the algae 
have begun to die, and, although the objectionable conditions may be 
augmented by subsequent decay, there are comparativeh' few alga- 
infested reservoirs in which the disagreeable effect is not originally" 
produced by the living algse. The effects directly produced by these 
plants have been so variously described that it is difficult to arrange 
any classification which will enable one to identifj'^ the organism by the 
odor or taste produced. In general, however, it may be said that the 
diatoms cause what has been termed an "aromatic" odor, although if 
in great quantity it is apt to be nauseating and fishy. Uroglena, which 
in this country usually appears during the winter months, is the form 
causing the most characteristic fishy taste and odor. Volvox is reported 
to have a similar effect. There are also certain forms closely related 
to both Uroglena and Volvox which at times may produce a flavor 
suggestive of fish. 

During the summer by far the greatest difficulty in water supplies 
infested with algae is due to the blue-greens, or Schizophyceae. The 
odor first noti(»,eable has been described as grassy or moldy, but this 
usually changes as decay sets in to a pronounced "pig-pen" odor, 
which can frequently be detected for a considerable distance from the 
reservoir. Many of the larger grass-green algae, such as Cladophora, 
Conferva, Spirogyra, Hydrodictyon, etc., cause trouble by being 
present in such quantities as to produce a distinct vegetable odor when 
they begin to disiintegmtCv 

As many of the algae occurring in water supplies are very minute, it 
is often necessary to resort to special methods to collect samples for 
identification. In some instances it is sufficient merely to allow a jar 
of the water in question to remain undisturbed for a few hours, 
when the algae will have settled to the bottom, and it will be possible 
with the aid of a pipette or a small glass tube to remove a sample of this 
deposit to the glass slide for examination. If the organisms are 
motile, or if it is desired to estimate their number per cubic centi- 
meter, the method described as the Sedgwick-Rafter method is the 
best for this purpose. The numerous requests for a means of deter- 
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plan is to make the sand compact by pouring in enough distilled water to just about 
fill the neck of the funnel and to pour in the measured sample before the sand has 
become uncovered. The filtration ordinarily takes place in about half an hour, but 
occasionally a sample is so rich in organisms and amorphous matter that the filter 
becomes clogged. It then becomes necessary to agitate the sand with a glass rod or 
to apply a suction to hasten the filtration. If the filters are located near running 
water an aspirator may be attached to the faucet and connected with the filter by a 
rubber tube having a glass connection that fits the bore of the rubber stopper. The 
i use of the aspirator enables the filtration to be made in a few minutes, and not only 

i effects a saving in time, but reduces the error caused by the organisms settling on 

i the sloping surface of the funnel. 

Concentration. — As a result of the filtration the organisms and whatever other sus- 
pended matter the sample contained will have been collected on the sand. When 
all the water has passed through and before the sand has become dry the rubber 
stopper is removed and the sand with its accumulated organisms is washed down 
into a wdde test tube by a measured quantity of filtered or distilled water delivered 
from a pipette or an automatic burette. The amount of water used for washing 
depends upon the number of organisms collected on the sand. If 500 c. c. of the 
sample are filtered it is usually best to wash the sand with 5 c. c, thus concentrating 
the organisms one hundred times. The amount of water filtered divided by the 
amount of water used in washing the sand gives the "degree of concentration. *' The 
degree of concentration may vary from 10 to 500, according to the contents of the 
sample. Ordinarily it should be 50 or 100. 

By shaking the test tube the organisms will become detached from the sand grains. 
If this is followed by a rapid decantation into a second test tube most of the organisms, 
being lighter than the sand, will pass over wdth the decanted fluid, while the sand 
is left upon the walls of the first tube. To insure accuracy the sand should be washed 
a second time and the two decanted portions mixed together. " If, for example, it is 
desired to concentrate a sample from 500 c. c. to 10 c. c, the sand should be w^ashed 
twice with 5 c. c. and the two portions poured together. This will give a more 
accurate result than a single washing wuth 10 c. c. 

It is necessary to allow for the volume of the sand and to use a definite amount of 
sand at each filtration. The 60-120 sand holds about 50 per cent of water, and 
ordinarily about 2 c. c. of the sand are used; hence an allowance of 1 c. c. must be 
made for the water held in the sand. 

The cell. — The cell into which a measured portion of the concentrated fluid i« 
placed for examination is made by cementing a rectangular brass rim to an ordinary 
glass slip. The internal dimensions of the cell are: Length, 50 mm. ; width, 20 mm., 
and depth, 1 mm. It therefore has an area of 1,000 sq. mm. and a capacity of 1 c. c. 
A thick cover glass (No. 3) having dimensions equal to those of the outside of the 
brass rim (55 mm. by 25 mm. ) forms a roof to the cell. The concentrated organisms 
in the decantation tube are distributed uniformly through the fluid by blowing into 
it through a pipette, and 1 cubic centimeter of the fluid is then transferred to the 
cell in such a manner as to distribute the organisms evenly over the entire area. 
This may be done by laying the cover glass diagonally over the cell so that an open- 
ing is left at either end, and flowing the water in at one end while the air escapes at 
the other. 

Tlie microscope. — An expensive microscope is not needed for the numerical esti- 
mation of the common microscopic organisms found in water. A simple, compact 
stand with a one-half inch objective and a 1-inch ocular is sufiicient. For study- 
ing the organisms in detail and for general laboratory use in the study of water a 
large stand, with substage condenser, iris diaphragm, mechanical stage, etc., should 
be provided. The list of objectives should include a 2-inch, a one-half inch, a one- 
fourth or one-sixth inch, and a one-twelfth inch homogeneous immersion, or their 
equivalents, and there should be several oculars magnifying from four to twelve times. 
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B. Zygnemaceae. 

Two axil star-shaped chromatophores in each cell Zygnema. 

One or more peripheral spiral chromatophores Spirogyra. 

Chlorophyceae. 

Grass or yellow green algae, single, or united into threads, plates, or masses. 
Form true spores, swarm spores, akinetes, and aplanospores. Constituting all of the 
green algae not included in the Conjugateae. 

{A) Cells w^ith one nucleus, frequently united into a gelatinous colony. 

(a) Vegetative state actively motile A. Volvocaceae. 

(6) Vegetative state not motile. 

I. Vegetative cell division for increase of colonies; without swarm 

spores B. Pleurococcaceae. 

II. Without vegetative ceil division, cells single C. Protococcaceae. 

III. Cells united to form colonies of definite form.D. Hydrodictyaceae. 
(B) Cells with one or many nuclei united to form simple or branched threads, 

or rarely one or more layered plates, 
(a) Vegetative cells with only one nucleus. 

I. Thallus of one or more layered plate, free or attached at base. 

E. Ulvaceae. 

II. Thallus consists of a simple or branched cell series. 

1. Unbranched filaments F. Ulothricaceae. 

2. Branched filaments G. Chaetophoraceae. 

(6) Vegetative cells with many nuclei, simple or branched filaments. 

I. Spore formation by union of swarming gametes. 

Filaments simple or branched, with base and point of growth. 
Division of filaments not dorsiventral H. Cladophoraceae. 

A. Volvocaceae. 

(A) Cells single. 

(a) Cells with a thin white covering which does not form two valves. 

I. The integument thickened on one side. Cilia arising directly from 
the rounded forward end Chlamydomonas. 

(B) Cells united to form definite colonies. 

(a) Round or oval colonies in a gelatinous envelope with cilia projecting! 
from all sides. 

I. Colonies of 16 cells Pandorina. 

II. Colonies or32 cells Eudorina: 

III. Colonies of very many cells forming a large sphere Volvox. 

B. Pleurococcaceae. 

{A ) Cells neither possessing gelatinous sheath nor embedded in jelly. 
(a) Cells single. 

I. Cells sickle-shaped or lunate Raphidium, 

(6) Cells arranged in a plane. 

I. Colonies arising through division in one direction Scenedesunus. 

D. Hydrodictyaceae. 

{A) Colonies hollow within. 

(a) Cells cylindrical, long Hydrodictyon. 

E. Ulvaceae (marine). 

{A) Thallus membranaceous, plate. Consists of two layers of cells Ulva, 

(B) Thallus membranaceous, tube forming. Cells in older part slightly or not 
at all arranged in definite order Enteromorpha. 
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F. Ulothricaceae. 

( A ) Croes walls of equal thickness. 

(a) Swarm-spores present, escaping through a round hole in the cell wall. 

I. Filaments long; cells all alike Vlothrix, 

(h) Swarm-spores escape by breaking across the cell wall. Chromatophores 
consist of little orbicular plates. 
I. The filament has one pedicle and numerous cells Conferva, 

G. Chaetophoraceae. 

i^A) Thallus not epiphytic, established with a basal cell or ground cell, seldom 
spherical or united into a spherical gelatinous mass. 

(a) A clearly defined main stem present Drapamaldia. 

(6) No clearly defined main stem present. 

I. Branches ending in hair points Stigeodonium. 

H. Cladophoraceae. 

Thallu« consists of branched filaments. Branches irregular or forming a radial 
clump; akinetes absent Cladophora, 

SCHIZOPHYCKAE. 

{A) Plants consisting of a single cell, occasionally united into colonies by being 
embedded in a gelatinous matrix I. Coccogoneae. 

{B) Plants having always more than one cell, forming simple or branched fila- 
ments, which may or may not be inclosed in an outer gelatinous layer or 
sheath II. Hormogoneae. 

(I) Coccogoneae: 

(1) Cells free or only slightly held together, not forming a definite col- 

ony Chroococcus. 

(2) Cells held together in a gelatinous matrix and forming colonies of 

regular outline. 

(a) Colonies at first solid, several rows of cells thick, becoming saccate 

and perforated Clathrocystis. 

(b) Colonies hollow, cells only on outer surface Codosphaerium, 

(II) Hormogoneae: 

(1) Cells generally differentiated into three kinds: (1) Vegetable cells; 

(2) spores; and, (3) heterocysts. The latter usually are of different 
color, clearer contents, and with thickenings in the walls adjoining 
the vegetative cells or spores (a) Heterocysteae. 

(2) Cells in each filament undifferentiated. No heterocysts. 

(6) Homocysteae. 
(a) Heterocysteae: 

+ Filaments irregularly interwoven and contorted, inclosed in a 

definite gelatinous mass Nostoc, 

-f+ Filaments free or but slightly united. 

Heterocysts and spores intercalary. 

* Filaments free or united in formless mass. . .Anabaena. 
** Filaments densely agglutinated in fascicles, often of 

considerable size Aphanizomenon. 

00 Heterocysts and terminal spores contiguous. 

Cylindrospermum. 
(6) Homocysteae: 

+ Filaments simple, with an evident sheath Lynghya. 

-\—\- Filaments simple, sheath wanting or very slight, plants possess- 
ing a characteristic movement OsdUatona. 
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METHOD OF APPLYING COPPER SX7LPHATE. 

Before introducing the copper sulphate it is necessary to determine 
accurately the volume of water to be treated. This is imperative in 
the case of municipal supplies and large reservoirs, as an error in the 
the estimation might cause considerable inconvenience. Many cases 
will arise, however, in which a rough computation will be much more 
convenient and entirely practicable. 

The method considered most practicable in introducingf copper sul- 
phate into a water supply has been outlined in a previous publication,^ 
from which we quote: 

Place the required number of pounds of copper sulphate in a coarse bag — gunny sack 
or some equally loose mesh — and attaching this to the stern of a rowboat near the sur- 
face of the water, row slowly back and forth over the reservoir, on each trip keeping 
the boat within 10 to 20 feet of the previous path. In this manner about 100 pounds 
of copper sulphate can be distributed in one hour. By increasing the number of 
boats and, in the case of very deep reservoirs, hanging two or three bags to each boat, 
the treatment of even a large reservoir may be accomplished in from four to six 
hours. It is necessary, of course, to reduce as much as possible the time required for 
applying the copper, so that for immense supplies with a capacity of several billion 
gallons it would probably be desirable to use a launch, carrying long projecting spars 
to which could be attached bags each containing several hundred pounds of copper 
sulphate. I 

The substitution of wire netting for the gunny-sack bag allows a | 
more rapid solution of the sulphate, and the time required for the intro- 
duction of the salt may thus be considerably reduced. 

The temperature has such great influence on the effect of copper 
upon polluting forms that it is best to select as warm a day for treat- 
ing as circumstances will permit. 

STERILIZATION OF BACTEKIA-P0LLT7TED WATER BT LIEANS OI 

COPPER SXTIiPHATE. 

Treatment with copper sulphate is an effective and practicable 
means of sterilizing water polluted with certain pathogenic bacteria, 
and as an emergency method is applicable to both household and 
municipal conditions. It should prove particularly useful in very 
large water supplies accidentally or suddenly contaminated with typhoid 
bacilli and not provided with any adequate means of purification. 
Under such circumstances the case becomes not one of pure water 
versus water containing copper sulphate, but of sterile water contain- 
ing an amount of copper not dangerous to health versus water and 
typhoid bacilli. The method formerly suggested * for treating a res- 
ervoir would undoubtedly be advisable in special cases of unusually 
great contamination when the water contained an abnormal amount of 

« Bulletin No. 64, Bureau of Plant Industry, p. 25. ^Ibid., p. 33. 
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ceded the rainfall, the colon bacilli were present for a period not longer than sixteen 
hours. 

The treatment, which was begun and continued without the knowledge of the city 
authorities, was ordered stopped on January 5, 1905, after the daily papers published 
glaring accounts of the dangers attendant upon such trea*ment. To allay the fears 
of the people, five employees of the health department took daily for thirty days- 
three-tenths of a grain of copper sulphate without any signs of discomfort or 
symptoms whatever. 

During the month of August there w^ere reported to the health office 52 cases of 
typhoid fever; September, 16 cases; October, 16 cases; November, 8 cases; Decem- 
ber, 17 cases, only 4 of which used city water; January, 1905, 91 cases; February, 
376 cases. 

In January, 1905, not until the 14th was a single case reported that could be 
attributed to the use of the city water. On that day 3 were reported; on the 16th, 
3; on the 18th, 3; on the 20th, 1; on the 21st, 3; on the 23d, 3; on the 24th, 14. 
From this date on the cases have averaged over 10 each day. No copper sulphate 
has been used since January 5, 1905. 

The following tabulation of the data contained in the above report 
will perhaps show the results of the work more clearly: 

Statement of typhoid cases reported in Columbus, Ohio, shomng relation to use and nonuse 

of copper in the water supply. 



No copper used 

Do 

Copper used after 19th 

Copper used 

Do 

Copper discontinued after 5th 

No copper used 

Do 



Month. 



June 

July 

August 

September.. 

October 

November . . 
December . . 

January 

February . . . 
To March 27 



Typhoid 
cases re- 
ported. 

24 
33 
52 
16 
16 
8 
ai 

91 
376 
279 



a 17 cases were reported, but only 4 were users of city water. 

In connection with the results obtained at Columbus should be 
mentioned the treatment of the water supply at Albuquerque, N. Mex. 
This was reported upon by John Weinzirl, city chemist, as follows: 

I desire to inform you that we used your copper sulphate treatment in the reser- 
voir of our city water supply this summer with good results. This reservoir was 
full of algae, and the water-supply company could not clear it before certain improve- 
ments in their plant were installed. The flavor of the water was rank; but two 
treatments made a great improvement, though the water was rendered cloudy by 
the partly decomposed organisms. We applied the treatment late in July and in 
August. During October we had a small epidemic of typhoid, perhaps 50 cases; the 
water supply was again treated with copper sulphate, and within three weeks the 
epidemic ended. 

I might add that during the first treatment the bacterial content of the water fell 
to one-fourth the original number. 

STERILIZATION OF WATER BY MEANS OF METALLIC COPPER. 

The effect of metallic copper upon Bacillus typhi in water is of 
considerable importance. For small amounts of water it has been 
found convenient and desirable in many cases to guard against bacterial 
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contamination by employing copper tanks, and where frequent boiling 
can not be resorted to the use of copper ma}^ be regarded as the only 
possible safeguard. In some cases this may not be absolute, for our 
experiments upon water from various places and the experiments of 
other investigators show that the chemical constitution of the water 
under consideration is of the greatest importance. Water that con- 
tains a very large amount of matter in suspension is perhaps the most 
difficult to sterilize. Under these conditions twenty-four to forty-eight 
hours at room temperature would probably be necessary for complete 
sterilization through the agency of metallic copper tanks; on the other 
hand, metallic copper in water containing a large amount of organic 
acid, or free acid of any sort, would destroy all typhoid bacilli in two or 
three hours at the most. Complete sterilization is a standard to which 
even the best filters seldom attain, and under the most unfavorable 
conditions the reduction in the number of bacteria in water exposed to 
the action of metallic copper for twelve hours will be approximately 
as great as in a filtered water. The copper must be kept clean, not, as 
is popularl}^ supposed, to protect the consumer from copper poisoning, 
but because it is possible for the metal to become so coated with 
foreign substances that there is no longer any contact of copper and 
water, and hence no antiseptic action. 

An interesting corroborative fact is the antiseptic property of cop- 
per coins. Lately considerable work has been done on this problem 
by the department of health of the city of New York,^ and, as was 
to be expected, it was found that copper and nickel coins smeared with 
cultures of pathogenic bacteria, such as Bacillus diphtheriae^ were com- 
pletely sterile in a few hours, and that the same was true to a less 
degree of silver coins. 

In a recent article. Dr. Henry Kraemer reviews the applicability of 
the germicidal power of copper to drinking water, and his results with 
the Philadelphia water show that standing four hours in the presence 
of copper foil completely destroyed both Bacillus typhi and Bacillus 
coli» 

Doctor Kraemer's conclusions are quoted below:* 

In filtration processes it is generally understood that both typhoid and colon 
organisms are the first to be eliminated, and without waiting to make a systematic 
study of the organisms which persist as well as those which are killed in the copper 
treatment of water, I thought it well to test the method by using water containing 
these organisms alone. As results depend in some measure upon the method used, 
I will try to outline my method before giving my results. 

1. Water under three different conditions was employed: (a) Distilled water which 
was prepared from tap water by first treating it with potassium permanganate and 
then distilling it two or three times by means of apparatus constructed entirely of 



o Report of Dr. Wm. H. Park, March 1, 1904. 

& Henry Kraemer, **The Efficiency of Copper Foil in Destroying Typhoid and 
Colon Bacilli in Water," American Medicine, February 18, 1905, Vol. IX, No. 7, 
p. 275. 
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glass; (6) filtered tap water, prepared by means of a Berkefeld filter attached to a 
copper spigot; (c) tap water, collected after being allowed to run through a copper 
spigot for five minutes. All of these were sterilized in an autoclave at 110° for thirty 
minutes. 

2. The cultures of typhoid and colon which were used were pure cultures developed 
in bouillon for eighteen hours to twenty-four hours. 

I may say that every single experiment which we have conducted * * * shows 
that copper foil is exceeding toxic to colon and typhoid bacilli, particularly the 
latter. 

It will be seen by consulting the tables that in the filtered water, to which no cop- 
per foil had been added, the typhoid organisms did not grow and multiply as was 
the case with the tap water and distilled water, although there was a larger number 
of organisms to begin with. This also applies in a measure to the colon bacilli, with 
which there is a very marked inhibiting action in those growing in the filtered 
water. 

At first I was inclined to attribute this diminution in the number of the organisms 
to minute traces of copper in the flasks, but subsequent experiments showed that 
this was not the case. I am, therefore, inclined to attribute these rather anomalous 
results to the presence of extremely small quantities of copper dissolved by the water 
in its necessarily slow passage through the copper spigot to which the filter was 
attached. This is a phase of the problem to which I am devoting my attention at 
present, as it certainly opens up an interesting side of this subject. 

Even granting the efl5ciency of the boiling of water for domestic purposes, I believe 
that the copper-treated water is more natural and more healthful, inasmuch as the 
various inorganic constituents, particularly the salts of calcium and magnesium, are 
in a more soluble and assimilable condition, being furthermore less concentrated, at 
the same time the natural gases of the water being retained. 

From the experiments thus far conducted the following conclusions may be drawn: 

1. The intestinal bacteria, like colon and typhoid, are completely destroyed by 
placing clean copper foil in the water containing them. 

2. The effects of colloidal copper and copper sulphate in the purification of drinking 
water are in a quantitative sense much like those of filtration, only the organisms 
are completely destroyed. 

3. Pending the introduction of the copper treatment of water on a large scale the 
householder may avail himself of a method for the purification of drinking water by 
the use of strips of copper foil about 3 J inches square to each quart of water, this 
being allowed to stand over night, or from six to eight hours, at the ordinary tem- 
perature, and then the water drawn off or the copper foil removed. 

Doctor Pennington, of Philadelphia, has reported ^ results of the 
board of health laboratory, showing complete sterilization of infected 
tap water within fifteen minutes by means of copper foil. 

Rideal and Baines* have carried on some experiments concerning 
the germicidal effect of copper. Evidently they added too much of 
the culture to be tested to the treated water. The high concentra- 
tions required according to their tables to produce complete sterility 
can be explained only by the presence of considerable amounts of 
albuminoid matter, and under these circumstances the condition is 

comparable to sterilizing sewage rather than sterilizing drinking water. 

t • . 

« At a meeting of the Washington Academy of Sciences, January, 1905. 

^S. Rideal and E. Baines. The Suggested Use of Copper Drinking Vessels as a 
Prophylactic against Waterborne Typhoid. Journal of the Sanitary Institute, 
XXV, 1904. 
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Their experiments with metallic copper, though too few to be them- 
selves at all conclusive, are entirely in accord with the results of the 
Laboratory of Plant Physiology as formerly published. 

COPPEB IN THE DISPOSAL OF SEWAGE. 

In connection with the sterilization of water by means of copper 
the possibility of using this metal in the sanitary disposal of sewage 
should be mentioned. This is well described by Rideal,^ from whom 
we quote: 

The soluble salts of copper have a distinctly poisonous action on bacteria. They 

coagulate albumen and combine with most of the organic acids present to form non- 

putrescible salts. They absorb sulphureted hydrogen, ammonia, and compound 

ammonias, and therefore combine with "ptomaines.** In fact, copper salts rank 

next to mercury in power as antiseptics. 

******* 

Kroncke ^ contended that, for sewage treatment, compounds having a great affinity 
for sulphur should yield the best results. He has experimented with cuprous chlo- 
ride as being a salt which fulfills this condition, is readily prepared, very easily 
removed from solutions, and becomes much less poisonous when oxidized. He used 
the following method for the purification of water: Cuprous chlorid amounting to 
one twenty-thousandth of the liquid to be treated, and ferrous sulphate (as far as possi- 
ble free from ferric) to the extent of one fifty-thousandth, are mixed with the water. 
After six hours one one hundred-thousandth part of lime is added, and agitated for 
one hour. After settling for one and a half hours, and filtration through sand, the 
water, which originally contained 40,000 to 50,000 organisms per cubic centimeter, 
was found to be completely sterilized, clear, almost colorless, and free from iron and 
copper. The sand filter can be used a long time without cleansing. Schumburg c 
reports that a water treated with cuprous chlorid solution and then with lime was 
free from germs after six hours. 

COPPEB ST7PPLEMENTING THE USE OF FILTEBS. 

It appears from the examination of a considerable number of filters 
in this country that the oflBcials in charge of municipal waterworks 
are not justified in assuming that filtration is the absolute guarantee 
against a disease-laden water that it is popularly supposed to be. 
The number of unavoidable accidents .which are known to occur in 
properly managed filters, to say nothing of the willful and some- 
times criminal methods resorted to in order to bring the supply of 
water up to the daily demand, are factors which are not generall}^ 
considered by the public. The mere fact that filters are installed 
seems to warrant neglect of the source of the water, and as a mistake 
or an accident usually can not be detected by the public until the 
death rate increases markedly, filtration as administered in a consid- 
erable number of cases has resulted in a condition more dangerous 

aRideal. Disinfection and the Preservation of Food, New York, 1903; pp. 156, 157. 
& Jour, fur Gasbeleucht, XXXVI, 513. 
cChem. Centr., 1900, II, 203. 
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than if no filter existed. The sooner that it becomes generally known 
that any sort of filtration is a most delicate process, depending upon 
skilled manipulation for maximum eflSciency , the better it will be both 
for filtration and the consumer of water. That it is not an unheard 
of practice to force considerably larger quantities of water through a 
sand filter than it can possibly free from disease germs (even resort- 
ing to spading over the sand to hasten the flow) ought to be understood 
by all those using such water. The direct pumping of polluted river 
water into the filtered water for the purpose of making up the daily 
supply has been resorted to, and the occurrence of breaks in storage 
basins, conduits, etc., has more than once afi^orded opportunities for 
the dangerous contamination of the filtered water. 

At the present time the only known method of immediately render- 
ing a contaminated water supply safe and keeping it so until the source 
of pollution is removed seems to be the use of copper. This treatment 
is not designed to supplant eflScient filtration, however, and should 
never be expected to take its place. The use of copper for removing a 
temporary contamination is necessarily a remedy and should be used as 
such. As much care is demanded of the sanitary engineer or biologist 
in determining the necessity for treatment and the proper quantity to 
be used as is demanded of a doctor in determining the dose for a sick 
person. A pure water should not be treated, just as a well person 
should not take medicine. 

The existing methods of sewage disposal and water purification are 
particularly unfortunate. To deliberately contaminate a water and 
then try to purify it seems ridiculous, yet this is precisely what is 
now being done in a number of communities. The ultimate solution 
of the problem of water supply must depend upon proper sewage 
disposal as well as the proper care and policing of the watersheds 
and wells. Until this revolution of methods shall have taken place, 
the makeshifts — filtration, and treating with copper — are the only 
remedies applicable on a large scale. 

COPPEB TREATMENT AND FILTRATION AT ANDERSON, IND. 

By the invitation of Mr. C. Arthur Brown, sanitary engineer of the 
American Steel and Wire Company, acting at the time as the repre- 
sentative of the Jewel Filtration Company, and through the courtesy 
of the oflScials of Anderson, Ind., the Laboratory of Plant Physiolog}^ 
was enabled to undertake a series of experiments upon the effect of 
copper treatment of water in connection with mechanical filtration. 
The filter plant had been recently completed, and these experiments 
were carried on at the time of the preliminary testing of the efliciency 
of the filters.^ The water supply at Anderson, Ind., offered excep- 

o Professor Burrage, professor of sanitary science at Purdue University, was retained 
by the city of Anderson as its representative, as well as Dr. S. C. Norris, city chemist 
and bacteriologist. Mr. Brown acted as the representative of the filtration company. 
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tional opportunities for demonstrating the efficiency of copper in 
removing intestinal bacteria. The water is drawn from the White 
River, into which the city of Muncie empties its entire sewage. 
There are no falls or rapids in the 25 miles separating these two 
cities, and during the entire four weeks of the test conducted on the 
use of copper in connection with filtration the river was icebound, 
making a closed conduit for the diluted sewage from Muncie and the 
smaller towns still farther up the river. The water was very high in 
albuminoid and free ammonia, and exceptionally high in chlorin, due 
to the salt water from the gas field above Muncie. The turbidity was 
very low and the color slight. Fortunately for the thorough testing 
of the value of copper, the filters, owing to some structural defects, 
were unable to effect a high percentage reduction of bacteria at this 
time. The number of bacteria in the river ranged from 13,000 to 
155,000 per cubic centimeter at irregular intervals during the four 
weeks' test, usually remaining above 50,000. The number of bacteria 
in the filtered water varied between 15,000 and 400 per cubic centi- 
meter, usually remaining above 3,000. 

For ten days, February 2-11, 1904, alimi was used as a coagulant, but 
for water of this character it seemed impossible to get a proper coagu- 
lation with 1, 2, or 3 grains of alum per gallon, either with or without 
the addition of lime. Bacillus coli was always present in the river 
water and usually in the filtered water, and was identified by gas forma- 
tion, reduction of neutral red, proportion of carbon dioxid, growth 
on milk, potato, gelatin, litmus agar, and formation of indol. On 
February 11,. instead of aluminum sulphate, iron sulphate containing 
1 per cent of copper sulphate was introduced in quantities of li grains 
per gallon of water." Lime was added, 2 grains per gallon. The treat- 
ment was continued four days, and during that time only once was there 
any indication of the presence of B. coli in fermentation tubes inocu- 
lated with 1 c. c. samples of filtered water, and this occurred immedi- 
ately after a leak developed in the air pipe of the washing system that 
allowed unfiltered water to pass into the pipes. On the 15th of Febru- 
ary, the amount of iron sulphate containing 1 per cent of copper sul- 
phate was raised to 4^ grains per gallon. This quantity was foun4 to 
be too great, and at midnight the amount of the coagulant was r^ciuced 
to 2i grains.* The valve controlling the iron solution caught on this 
change and for nearly an hour no iron or copper was applied to the raw 
water. This allowed polluted water to reach the clear well, and at the 
next washing the filters were again contaminated, and samples from 
two of them developed typical Bacillus coli. The following five days 

"0.015 grain copper sulphate per gallon — approximately 1 part of copper sulphate 
to 4,000,000 parts of water. 

& 0.0225 grain copper sulphate per gallon — ^approximately 1 part of copper sulphate 
to 2,500,000 parts of water. 



to 8,000.000 parts of water. 

60.00375grain copper sulphate per gallon — approximately! part of copper sulphate 
to 15,000,000 parts of water. 

« Bulletin No. 64, Bureau of Plant Industry, p. 29. 
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copper reaching the consumer. Considering the harmlessness of 
copper, this is a theoretical rather than a practical objection, and is 
answered in the present instance. The copper is all precipitated and 
the insoluble coagulum of iron and copper is caught upon the filters. 

Table showing the presence or absence of Bacillus coli per cubic centimeter in samples from 

various eources at Anderson, Ind. 



Chemicals applied (in grains per gallon) and time oi 

sampling. 



m.. 
m.. 
m.. 
m.. 



1 grain alum: 

February 2 |p 

February 3 |p- 

2 grains alum: February 4, a. m 

3 grains alum: 

February 4, p. m 

Februarys I^;™;; 

Februarye {«;S^;; 

February 7 jp. m" 

Februarys j*;^;; 

February 9, a. m 

2 grains alum: 

February 9, p. m 

February 10, a. m 

U grains alum, 2 grains lime: 

February 10, p. m 

February 11, a. m 

U grains iron sulphate, 0.015 grain copper sulphate, 2 
grains lime: 

February 11, p. m 

February 12, a. m 

U grains iron sulphate, 0.015 grain copper sulphate, li 
grains lime: 

February 12, p. m 

February 13: {p. Si! 

February 14, p. m 

February 15 .-Ip.S:: 

2i grains iron sulphate, 0.0225 grain copper sulphate, 1 i-, 
1, and I grains lime: b 

February 16 |p 

February 17 jp 

February 18, p. m 

1 grain iron sulphate, 0.0075 grain copper sulphate, |, and 
1 grain lime: 

February 19 , 



m.. 
m.. 
m.. 
m.. 



February 20. 



|a. m. 
I p. m. 
fa. m. 
tp. m. 

1 grain Iron sulphate, 0.00375 grain copper sulphate, 1 grain 
lime: 

February 21 |J- ^- 

3 grains iron sulphate, 1 grain lime: 

February 22 {p S* 

3 grains iron sulphate, 0.03 grain copper sulphate: Febru- 
ary 23, a. m 
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"The presence of Bacillus coli in filter No. 3 on February 12 and 16 is due to a leak which devel- 
oped in the air wash pipe, allowing unfiltered water to pass into the pipes. 

/>The amount of iron sulphate was raised to 4^ grains at 6 p. m. on February 15, but this was too 
much for the filters to accommodate, and at midnight the amount was reduced to 2i grains; at this 
time the valve stuck and for some time no iron or ct)pper was introduced into the water. This 
allowed contaminated water to pass the filters, and at the next washing the contaminated water 
from the clear well again contaminated the filters, and near enough the time of sampling to show 
Bacillus coli in two of the samples. 
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OBJECTIONS TO THE USE OF COPPER SX7LPHATE. 

During the past year several articles have appeared, some of a more 
or less alarmist nature, containing adverse criticism of the copper sul- 
phate method of treating reservoirs. In some instances the efficiency 
of the method is questioned; in others, objection has apparently orig- 
inated in the prejudice which obtains in some quarters, due to the 
supposed ill eflFects upon the human system of the absorption of small 
quantities of copper. 

In view of the year's experience- in practical applications of the 
treatment, nothing need be said further in behalf of its efficienc}". 

The existence of conditions which might make treatment with cop- 
per undesirable is not overlooked, but, so far as is known, these are 
peculiar to certain localities and of a nature which presents difficulty 
from the engineering rather than the hygienic standpoint. 

The appearance of resistant forms after the removal of the pollut- 
ing organism by means of dilute solutions of copper sulphate has been 
mentioned by engineers as possibly producing a worse condition than 
that previously existing in the water. Certainly such an objection 
would have been worthy of careful consideration had it been raised 
before an opportunity had occurred to test the efficiency of copper 
sulphate as an algicide. Experience with all water supplies treated, 
however, proves that such ia difficulty is not to be feared and that the 
destruction of the algae is so rapid as to prevent the evolution of simi- 
larly contaminating forms resistant to copper. 

The case which has been under observation for the longest time is 
that at Ben, Va., where, in January, 1902, cress beds were treated for 
the eradication of Spirogyra. Conditions were such as to be unusually 
favorable for the development of the algse, and certainly if a form 
resistant to copper could be produced under natural conditions it 
would have appeared here. After the first treatment was made 
several subsequent applications of copper in diminishing quantities 
were resorted to, but the algae, instead of being more difficult to 
eradicate, were easier and easier to kill, and in a recent letter Mr. 
Moomaw, proprietor of the cress beds, states that the algae have been 
completely destroyed and no other form has appeared. 

OPINIONS OF TOXICOLOGISTS UPON THE EFFECT OF COPPER 

SULPHATE. 

In a few instances objection has been made to the use of copper sul- 
phate, even in the minute quantities shown to be efficient for the pur- 
pose of sterilizing water. Some authors have held that anything 
which would destroy algae and bacteria would likewise kill man,* while 
others have maintained that nothing is known of the effect of the 

« Medical Bulletin, October, 1904. 
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Mr. Henry Kraemer, 

Editor of American Journal of Pharmacy. 

Dear Sir: In this paper on purification of water by copper I think that Doctor 
Moore shows conclusively that water supplies can be freed of pathogenic bacteria and 
algae promptly, cheaply, and efficiently by that means. The question remaining to 
be answered is, Can this purification be done with entire safety to those drinking the 
water? 

Until comparatively recent times it has been thought that the slow introduction 
of minute doses of copper was injurious to the tissues by causing &uch pathological 
changes as are known to be due to certain other metallic poisons, such as lead, arsenic, 
and mercury. But Bematzic has proven that to produce toxic phenomena with cop- 
per salts it must be given freely and intentionally, and even then the subject spon- 
taneously recovers when the administration ceases. When a student of medicine 
I was made aware of the harmlessness of copper sulphate in small doses. Quinine 
was very expensive then, and in the dispensary practice of a malarious region 
some cheaper substitute was needed. Hundreds of cases were treated with a combi- 
nation of the sulphates of cinchonine, iron, and copper. About one-eighth of a grain 
of sulphate of copper was given several times daily in this routine prescription for a 
tonic and antiperiodic. 

I do not remember that any untoward symptoms developed, though they were not 
unexpected, as the books then taught that copper salts were irritants. So they are, 
but only in doses much larger than one-eighth of a grain. We saw no cumulative 
effects. Lehmann and his pupils found that a man could take 1 to 2 grains of cop- 
per as sulphate and acetate daily in peas and beans divided into two meals without 
effect. 

The highest sanitary authorities appointed to investigate this matter have reported 
that "copper in the amounts found in canned goods is not capable of injury to 
health.'' 

Metallic copper is not a poison. Surgeons have used copper wire for suturing 
wounds without noticing local irritation; children swallow copper pennies daily 
without injury to the digestive tract. As copper is present in almost all our food it 
is not surprising to learn that each of us takes daily about one milligram of copper, 
and that it is found regularly in our tissues. I see no reason to fear copper it the 
amounts never exceed the small proportion stated by Doctor Moore as entirely ade- 
quate for the purification of water supplies. 

J. W. Holland. 

Philadelphia, November 15y 1904* 

Dr. A. R. Cushney, in his Treatise on Pharmacology and Thera- 
peutics,^ writes: 

Small quantities of copper may be taken for indefinite periods without any symp- 
toms being induced, so that so far as man is concerned the general action of copper 
is unknown. * * * On the other hand, copper is a deadly poison to several of 
the lower plants. Thus, traces of copper added to the water in which they live, 
destroy some of the simpler algae, and Naegeli asserts that 1 part of copper in 
1,000,000,000 parts of water is sufficient to kill these plants. * * * Locke found 
that the traces of copper contained in water distilled in copper vessels were sufficient 
to destroy Tubifex (one of the annelid worms) and tadpoles, while Bucholtz states 
that the development of bacteria is stopped by a solution of copper sulphate under 1 
per cent in strength. Copper thus seems to have a very powerful poisonous action 
on certain living forms and to be harmless to others, and the subject deserves further 
investigation. It is possible that it may prove to act prejudicially to some human 
parasites, and it is certainly less dangerous to man than many other remedies used as 
parasiticides and disinfectants. 

a Pharmacology and Therapeutics, New York, 1899, p. 159. 
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Dr. R. A. Witthaus* has published a similar opinion: 

The opinion, formerly universal among toxicologists, that all the compounds of cop- 
per are poisonous has been much modified by later researches. Certain of the copper 
compounds, such as sulphate, having a tendency to combine with protein and other 
animal substances, produce symptoms of irritation by their direct local action when 
brought in contact with the gastric or intestinal mucous membrane. One of the 
characteristic symptoms of such irritation is the vomiting of a greenish matter, which 
develops a blue color upon the addition of NH4HO. 

Cases are not wanting in which severe illness, and even death, has followed the 
use of food which has been in contact with imperfectly tinned copper vessels. Cases 
in which nervous and other symptoms referable to a truly poisonous action have 
occurred. As, however, it has also been shown that nonirritant, pure copper com- 
pounds may be taken in considerable doses with impunity, it appears at least prob- 
able that the poisonous action attributed to copper is due to other substances. The 
tin and solder used in the manufacture of copper utensils contain lead, and in some 
cases of so-called copper poisoning the symptoms have been such as are as consistent 
with lead poisoning as with copper poisoning. Copper is also notoriously liable to 
contamination with arsenic, and it is by no means improbable that compounds of 
that element are the active poisonous agents in some cases of supposed copper intox- 
ication. Nor is it improbable that articles of food allowed to remain exposed to air 
in copper vessels should undergo those peculiar changes which result in the formation 
of poisonous substances, such as the sausage or cheese poisons, or the ptomaines. 

MEDICINAL USE OF COPPER. 

The probable medical value of copper in treating typhoid and related 
diseases was suggested in the former bulletin. Salts of this metal have 
been used for many years in treating dysentery, and in one instance at 
least diphtheria has been treated with copper sulphate with remarkable 
success. 

The use of copper in treating typhoid fever was reported upon by Dr. 
Lucien F. Salomon, of New Orleans.* We quote from recent letters 
from Doctor Salomon, as follows: 

Two years ago I published the results of my experience claiming to cure typhoid 
fever with the arsenite of copper. Subsequent experience in its use confirms the 
claim then made. I use the word ^^cure^* because within seventy-two hours after 
beginning its administration in a given case, what was a severe case of typhoid 
becomes converted into a simple benign fever, and the patient recovers in ten or 
twelve days. (May 10, 1904. ) 

1 have clinical records of a number of cases treated with arsenite of copper since 
the publication of my article, all of which show the same good result. (June 11, 
1904. ) 

As has been shown in Bulletin No. 64 of the Bureau of Plant Indus- 
try, the toxic eflFect of copper upon cholera germs is even greater than 
upon typhoid bacilli. 

The following account of some practical experience with the effect 
of copper upon cholera bears out this laboratory's experiments, and 

« The Medical Students* Manual of Chemistry, New York, 1902, p. 207. 
ft The published article appeared in the New Orleans Medical and Surgical Journal 
for June, 1902. 
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there are numerous instances in this country where the beneficial effect \^^,j 

of some form of copper upon cholera epidemics has been observed: \kT 

Dr. Arthur de No^ Walker, in a pamphlet entitled ''The Prophy- a«»' 

lactic Power of Copper in Epidemic Cholera" (London, 1883^), wrote ^^^^^ 

as follows: '^^ 



« Written twenty years previously. Published with a few additions in 1883. 
ft "On the Effects of Copper upon the System." Proceedings of the Clinical Soci- 
ety of London. Vol. 3. 



:ifke 

'lit? 



When the following facts receive the attention they deserve Asiatic cholera will 
cease to destroy mankind. 

In the year 1849, and again in 1851, Tuscany was ravaged by a severe epidemic of 
Asiatic cholera, and for the sixth time I had every opportunity of observing and 
studying this, perhaps, the most fatal disease of modem times. While noting down 
some of the observations published by Professor Betti on both epidemics, the follow- -p,] 
ing paragraphs w^ere particularly remarked and transcribed: ^al 

I believe I ought not to conclude the history of the epidemic of Asiatic cholera that afflicted the -it 
city of Prato and the adjacent country without saying a few words about a particular industry car- :j:i 
ried on in the vicinity of that city, and state the effects of the same on the workmen. u 

It is well known that in the valley of the Bisenzio, distant only 4 miles from Prato, and precisely 
at a place called La Briglia, are the furnaces where the copper ore excavated from Mount Romboli ' 
is smelted. With the object of bringing to light the influence that process might have on the dis- i 
ease, I deemed it opportune to institute certain special investigations, and having interested the ,' 
government authorities on the subject, the following intelligence was obtained: - 

The workmen engaged at the smelting furnaces at La Briglia, in the valley of the Bisenzio, when 
the epidemic broke out in Prato and in the adjacent country, were 68, which number, added to the 
individuals composing theit respective families living within a radius of about 3 miles from the r i 
furnaces, made up a total of 150 souls. 

Among all those individuals, not only no case of real Asiatic cholera, blit not even a sporadic case, 
nor a case of cholerine, occurred. 

I was, moreover, assured that not one of them was aflFected by even the slight gastric and intestinal i ^ 
disturbance so common in those living in localities attacked by the deadly malady, although they— 
the workmen and their families— live in damp situations along the Bisenzian torrent. Their diet is 
that of all ordinary laborers. , 

The value of this fact was, in my estimation, at once doubled by another, noted 
by Professor Betti. He states that the disease attacked, and in every instance proved 
fatal, to many living in the valley of the Bisenzio and in the neighborhood of the 
smelters' families, but that those so attacked and succumbed had, directly or indi- 
rectly, nothing whatever to do with the furnaces nor with any of the workmen 
employed in smelting the ore. 

I must here note, on evidence I have myself collected, that one workman, thor- 
oughly inquinated and having his person and garments dusted over by a prophylac- 
tic agent, consequent, e. g., on a sufficiently long attendance at a smelting furnace, 
becomes an efficient means or vehicle whereby all the members of his household 
may become protected by that same agent. This was assumed the moment the 
professor's observations w^ere read. Thus, conversely, an accoucheur, or a monthly 
nurse that has attended a case of puerperal fever, fatal or not, is liable to affect scores 
of other women. Some contagia frequently are, as is well known, conveyed by one 
healthy individual to many others; and it was simply inferred that if contagious 
matter can thus pass from one person to many, it was not at least unlikely that a 
prophylactic agent might likewise pass from one member to others of the same 
family. 

Observations 1 need not here detail have proved to me that the assumption enter- 
tained when Betti's observation was read is now no longer an hypothesis. ^ 

Workmen engaged at smelting furnaces, or otherwise employed in working the 
metal, become thoroughly impregnated with the ore, which adheres all over the 
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eommoii integament. An appreciable quantity may be easily obtained by burning 
BDme of tbe hair of men constantly engaged in smelting the ore. 

After reading Professor Betti's observations every available means and opportunity 
was sought with the object of ascertaining whether the same immunity could be 
verified at other establishments where copper w^as worked in any sort of way. The 
result proved that not one person habitually engaged in working copper had been 
attacked by cholera, not even among those whose work simply consisted in polishing 
the metal. 

The indefatigable Frenchman, Burq, has published a valuable work on the pre- 
ventive and curative action of copper in epidemic cholera, in which he honestly and 
courageously quotes Hahnemann, proving that he followed in the steps of that 
extraordinary genius. But Burq, while still a medical student attending lectures, 
spared no expense, no pains, no trouble, in order to prove this most important fact. 
He allowed nothing to deter or to discourage him — not even the insults of the 
Academy of Science and Medicine nor the slights of some physicians holding impor- 
tant appointments under the French Government. 

**One day," he says, "some private business led me to visit an important copper 

ioundry in the Rue des Gravilliers. In the course of a casual conversation with one 

of the workmen I learned that they, as well as all the inhabitants of the establishment, 

numbering about 200, had, in 1832, and again in 1849, been* exempt from cholera. 

The fact of such complete immunity, although it might have been due to a mere 

fortuitous exception, greatly surprised me, and I asked myself if metals might not 

have other properties especially antagonistic to cholera besides those I had discovered. 

Nevertheless, I soon began to lose sight of the fact, when a similar observation, with 

a sort of pertinacious tenacity, again presented itself to my notice, and notably in 

connection with other copper foundries situated in the same street, where from 400 

to 500 workmen and others occupying the premises had, one and all, been absolutely 

free from the disease. This strange and all-important immunity could not, I 

reflected, be due to the healthiness of the district or to the exceptionally healthy 

state of the houses, all of which, without exception, were as poor as those generally 

selected for foundries of any kind. Neither could it be ascribed, as I have said, to 

tbe good hygienic condition of the inhabitants generally nor to the exceptionally 

low mortality of the neighboring habitations. It became, therefore, impossible for 

us to look upon this complete immunity simply as a coincidence, and from that 

moment I allowed myself no rest nor respite until I had proven without a shadow of a 

doubt this peculiar property of copper — a property I had hitherto based on a mere 

supposition. In order to obtain this important result, as I said in 1853, 1 gave myself 

up and devoted myself to pursue a vast inquiry, of which the following are the chief 

results: 

"In Paris, I personally visited 400 workshops, and other places where metals are 
worked; from the most modest, where four, five, or ten workmen are employed, to 
extensive establishments, where the workmen may be counted by hundreds, as may 
be done at Messrs. Gail & Cave's establishment. I also visited the iron founderies 
in the suburbs of Saint Marceau and Saint Jacques, and the type foundry in the 
Rue Vangirard, the manufactories of Messrs. Lagoutte, Calla, Gouin, and Farcot. 
At Chapelle and Saint Ouen, the founderies of Messrs. Call & Co.; at Chaillot 
and Grenelle; and the manufactory of castors in copper in the suburbs of Saint 
Antoine; and, finally, all the workers in bronze at Marais. I then put myself in 
communication with the presidents, treasurers, and secretaries of workmen's unions, 
and likewise questioned the workmen themselves at their homes or lodgings. Con- 
temporaneously, I wrote to the proprietors, directors, and physicians of our chief 
manufactories, forges, wire makers, and metal beaters. To the mayors and magis- 
trates of towns where, as at I'Aigle and Villedieu, the inhabitants are almost all 
occupied in working metals, requesting them to give me information regarding the 



